Abstract-Cooperative diversity networks have recently been proposed as a promising technology to improve performance over fading channels. In this paper, we consider incremental amplify-and-forward (AF) cooperative diversity networks which employ the Nth best relay when the best relay is unavailable due to issues such as scheduling or load balancing. The end-to-end performance is analyzed over independent and identical (i.i.d.) and nonidentical (i.n.d.) Rayleigh fading channels. Closed form expressions for the bit error rate and channel capacity are derived, and results are presented to illustrate the performance. According to the analysis, The incremental AF strategy can reduce BER greatly when comparing to the conventional direct communication without cooperative, although it can not get the capacity of conventional direct communication, which is with the power as the total power of soure and Nth best relay node in AF cooperative network. The incremental AF strategy with Nth best relay can improve the capacity in high SNR region comparing to the complete cooperative with Nth best relay when BER can be accepted by setting different threshold for SNR of the direct link between source node S and destination node D. The incremental Nth best relay cooperative protocol can be useful when considering improving the error rate and bandwidth efficiency at the same time comparing to the conventional direct system and complete cooperative.
INTRODUCTION
Cooperative relaying techniques have recently gained attention as an efficient way to mitigate the effects of fading in wireless networks [1] . In cooperative communications, a signal is transmitted to the destination not only through the direct link but also through indirect links using cooperating relays. Wireless relays were first proposed in [2] , and the advantages of wireless cooperative relaying were validated theoretically in [3] .
Laneman et al. proposed a variety of low-complexity cooperative protocols for a single relay network [1] . These protocols can be employed with various relaying modes such as amplify-and-forward (AF), decode-andforward (DF) and incremental relaying. They also investigated the outage capacity at high signal to noise ratios (SNRs). The performance of cooperative diversity networks was also investigated in [4] . Furthermore, the average symbol error probability of a multi-branch dualhop cooperative system was analyzed for the Rayleigh and Nakagami-m fading channels in [5] [6] .
In a cooperative networks with M relaying, M+1 channels are employed, which can incur a bandwidth penalty, because the relays must use orthogonal channels to avoid interfering with each other [7] . This means that the advantages of relaying protocols come at the expense of spectral efficiency. Thus using only the best of the M relays for retransmission of the signal to the destination is an efficient use of channel resources [8] . An upper bound on the symbol error rate for best relay cooperative protocols in symmetric channels was determined in [9] . Exact closed form expressions for the error probability and Shannon capacity with best relay selection have been derived for independent and nonidentical Rayleigh fading channels [8] . In some cases, the best relay is unavailable due to issues such as scheduling or load balancing, so the Nth best relay is selected instead for transmission [10] . Closed form expressions for the BER and outage probability in this case were derived in [10] for the Nth best relay for AF and DF cooperative networks with identical and nonidentical Rayleigh fading channels.
To further improve the spectral efficiency, incremental relaying can be employed by exploiting feedback from the destination [11] . Incremental relaying is a simple and effective technique that can easily be implemented in existing radio systems. The throughout and outage capacity with incremental relaying were studied in [12] . A preliminary performance analysis and protocols for incremental relaying were also given in [13] . Closed form expressions have been derived for the error probability, outage probability and average achievable rate for DF and AF with incremental relaying and a single relay [11] . An incremental best relay technique for multiple relays was proposed in [14, 15] . Closed form expressions for the error rate, outage probability and average channel capacity were obtained in [16] for incremental best relay cooperative diversity networks with DF and AF relays over independent and nonidentical Rayleigh fading channels.
As stated previously, the best relay may be unavailable, in which case the Nth best relay can be used in incremental relaying. This is called incremental Nth best relaying. To the best of our knowledge, incremental Nth best relaying with the AF protocols has not yet been investigated. Thus the aim of this paper is to present the bit error rate (BER) and channel capacity of incremental Nth best relay cooperative networks with AF over independent and identically distributed (i.i.d.) and nonidentically distributed (i.n.d.) Rayleigh fading channels.
The remainder of this paper is organized as follows.. Section II presents the system model, and the error probability is derived in Section III. The channel capacity is presented in Section IV. Performance results are given in Section V based on the analysis in the previous sections. Finally, some conclusions are given in Section VI.
II. SYSTEM MODEL
The incremental Nth best relay cooperative network model is shown in Fig. 1 . In addition, the channels are corrupted by additive white Gaussian noise (AWGN) with zero mean and equal variances N 0 . All nodes are equipped with a single antenna.
Assuming time division multiplexing is used for transmission [1, 16] , in the first time slot, the source sends its signal to all nodes. The destination and all relays receive faded noisy versions of this signal. Based on the instantaneous signal-to-noise ratio (SNR) of the direct path from S to D, the destination decides whether relaying is needed or not. If the quality of the direct path signal is sufficient, the relays do nothing and the source sends a new message in the second time slot. Conversely, if the direct signal quality is insufficient at the destination, e.g. SD 0 SNR   , the Nth best relay (with the Nth highest SNR at the destination among the relays), forwards the signal transmitted by the source to the destination when the highest SNR relay may not be used. The destination combines the two received signals using a technique such as maximal ratio combining (MRC).
The received direct signal SD y from S to D, and the relay signal from the relay i R to D can be written as
respectively, where s E is the transmitted signal energy from S, and assuming the transmitted signal energy from the relay is equal to that from S. SD n and i RD n are AWGN terms. The symbol x is assumed to have unit energy. In the second time slot, if the quality of the direct path signal at the destination is insufficient (
Nth best relay is employed to forward the relay signal r x to D, the signal received at D can then be written as
where N RD n is AWGN on the link between N R and D .
When AF relaying is employed, the Nth best relay is selected to amplify the signal and forward it.  , which is the minimum SNR such that the destination can detect the signal successfully without employing a relay signal [16] .
As is typical in the literature, it is assumed that this feedback signal is sufficiently protected so that it is received error free.
To analyze the performance of incremental relaying networks with Nth best relay with AF, the probability density functions (PDF) for the SNR on the S to D link, ( 
The SNR of the Nth best relay at the destination can be written as [6] 
, so the PDF is given by [10] 
Case 2: i.n.d Fading channels: When the relay channels have independent but non-identical (i.n.d) Rayleigh fading, the PDFisgiven by [10] 
where Condition A is defined as
the kth small value for the choice t i and
III. ERROR PERFORMANCE ANALYSIS
The average unconditional error probability of the signal at D using incremental relaying with Nth best relay can be written as
where   
The probability of error at the destination given that the destination decides that the relay does not forward the source signal can be expressed as [16] .
exp
We now derive
Pe for the two cases.
Case 1: i.i.d Fading channels:
From (14) and (15) 
Substituting (14), (16) and (17) into (9), the error probability with i.i.d Rayleigh fading channels is obtained. (14) and (16) (18) where 2kk
-
Gb   . Then substituting (10), (13) and (18) into (9), a closedform expression for the probability of error over i.n.d. Rayleigh fading channels is obtained.
IV. CHANNEL CAPACITY
The Shannon channel capacity is an important performance metric since it provides the maximum theoretical transmission rate below which error free transmission is possible [10] . The channel capacity can be expressed as (15) we obtain the following 
So by substituting one of (21), (22) into (19) , the closed-form expression of channel capacity for AF over i.i.d and i.n.d fading channels can be gotten.
V. NUMERICAL RESULTS
In this section, we examine the bit error rate (BER) and channel capacity for binary phase shift keying (BPSK) modulation. The path losses are modeled as     is used in this section.
The number of relays is M=3, and N denotes the selected Nth relay. . In Fig. 4 , the capacity of the incremental Nth best relay cooperative protocol is lower than for the direct link between the source and destination alone when the symbol energy on the S to D link is 2E s , but the difference is small when SNR < 10 dB. This is also true for the i.n.d. case in Fig. 5 , but the difference is even smaller. However, when this symbol energy is reduced to E s , the capacity of the direct link is almost always the lowest, particularly when SNR < 10 dB. In the high SNR region, the capacities for the incremental Nth best relay cooperative network protocol and the direct link alone with symbol energy E s are almost equal, and both outperform the corresponding cooperative protocol without incremental relaying, denoted as complete cooperative and shown as the green line. Complete cooperative means that the best relay is always used regardless of the value of SD  . Thus the incremental Nth best relay cooperative protocol can improve the spectral efficiency in high SNR region comparing to complete cooperative when BER can be accepted by setting different threshold for SNR of the direct link between source node S and destination node D. 
VI. CONCLUSIONS
An analysis of the incremental Nth best relay cooperative protocol with amplify-and-forward (AF) relaying over i.i.d. and i.n.d. Rayleigh fading channels was presented. Closed form expressions for the bit error rate and channel capacity were derived. Performance results were presented which show that the incremental Nth best relay cooperative protocol can be useful when considering improving the error rate and bandwidth efficiency at the same time comparing to the conventional direct system and complete cooperative with the Nth best relay when the best relay is unavailable due to scheduling, load balancing, or other issues. 
